The antitumor antibiotic, streptonigrin (1), was first isolated from Streptomyces flocculus1^.
was first isolated from Streptomyces flocculus1^.
Later, the inhibition of avian myeloblastosis virus (AMV) reverse transcriptase by 1 was reported by Chirigos et al.2\ while no inhibition was observed with methyl streptonigrin (2), suggesting the importance of the carboxyl group for this activity. To confirm this aspect, the biological properties of the newly synthesized streptonigrin-2/-carboxyl amide derivatives were studied comparatively with those of 1 and 2. Unlike 2, the amide-type derivatives unexceptionally inhibited AMVreverse transcriptase to the same extent with 1, though their antimicrobial and cytocidal activities were much lower than those of 13~5). Moreover, the nature of these derivatives was shared by the quinoline quinone derivatives such as 6-methoxy-and 6-methoxy-7-methyl-5,8-quinoline quinones.
On the basis of these observations, the quinoline quinone moiety of 1 is considered to be the minimum requisite for potent inhibitory activity of 1 agamsxreverse transcnptase1". concerning specificity, ID50 of 1 against reverse transcriptase was 3^g/ml and those against DNA-directed DNA polymerase I of Escherichia coli origin and a of calf thymus origin were more than 160 /Lig/ml5K According to the findings of Mizuno and Gilboe7), and White and White8), the inhibition of reverse transcriptase by 1 is speculated to result from the direct interaction with tem- The standard reaction mixture (100 /A) contained 50 niM Tris-HCl (pH 8.0), 2.5 niM MgCl2, 2.5 him dithiothreitol, 30 mMNaCl, 100^m TTP, 6^Ci/ml [3H]TTP, 5^g/ml poly(rA), 0.02 unit/ml oligo-(dT)12~i8, 3.0 units/ml AMVreverse transcriptase and 3.0^g/ml 1. Incubation was carried out at 37°C for 1 hour and 50 [A aliquot of the reaction mixture was removed to determine the incorpora- high molecular fraction as described in a previous paper5).
The enzyme activity was measured in the presence of different concentrations of individual components of the reaction mixture, while the other components were kept at the same concentrations as those in the standard reaction mixture. The results summarized in Table 1 demonstrate that inhibition of reverse transcriptase by 1 is only reversed by increasing the enzymeconcentration. Although no effect was observed by changing the concentration of TTP, the inhibition of reverse transcriptase by 1 was marginally enhanced by increasing the concentration of template-primer [poly(rA)-oligo-(dT)12_18]. These unexpected results motivated us to conduct a more detailed kinetic analysis. In Table 2 , 1 was incubated with either reverse transcriptase or template-primer prior to the initiation of enzyme reaction. In both cases, especially in the former one, the inhibition of reverse transcriptase by 1 was further enhanced over the value obtained without preincubation, implying that the interaction of 1 with not only enzymebut also template-primer facilitated the adverse effect of 1 on reverse transcriptase.
The initial rate of incorporation of [3H]TTP
was measured in the presence of 0, 5 or 10 jug/m\ of 1. The Lineweaver-Burk plot confirms that the depressed enzyme reaction is characteristic of non-competitive inhibition, i.e., a decreased Vmax and an unaltered Km for [3H]TTP incorporation (Fig. 2) . Kinetic parameters as a function of the concentration of template-primer were also obtained in the absence or presence of 1. The Lineweaver-Burk plot showed uncompetitive inhibition of 1 against [3H]TTP incorporation by reverse transcriptase (data not The initial rate of [3H]TTP incorporation was measured in the absence (O) or presence of 5 (à") or 10 jug/ml (a) of 1. Fig. 3 . Effect of delayed addition of streptonigrin. 1 was added at the times indicated by the arrows in the figure to a final concentration of 5 ywg/ml. shown), though the results were not typical and reproducible probably due to the interaction of 1 with template-primer as evident from the results shown in Table 2 . In Fig. 3, 1 is added to the ongoing reaction system at different time intervals to see whether 1 inhibits reverse transcriptase at the initiation or elongation step. It is clear that 1 causes an instantaneous inhibition of reverse transcriptase whenever it is added to the reaction system. Nakamura: Synthesis of novel streptonigrin-2-carboxyl amide derivatives by using S^-Cphenylphosphonyl) -bis(l , 3 -thiazolidine -2 -thione). J. Chem. Soc. Perkin Trans. I 1986:
